19,59; Hansel, 1959) were based on gross counts, or study of the largest follicle in isolated sections. Rajakoski (1960) made an intensive study of the quantitative variations in bovine vesicular follicles during the estrous cycle: however, follicles tinder 1.0 ram. were not included. Erickson (1966) , after a detailed study of follicles of all sizes in postnatal bovine ovaries, reported that the number of normal vesicular follicles generally equals or exceeds the number of atretic follicles in ovaries from cows tip to 10 years of age. No effort was made to determine different proportions of these follicles in various phases of the reproductive cycle. Systematic quantitative study of bovine vesicular follicles during pregnancy has not been reported. The present study was an effort to identify cyclic changes in vesicular follicles during normal estrous cycles and pregnancy.
Materials and Methods
Nineteen clinically normal cycling or pregnant dairy cows and heifers with known reproductive histories were used in this study. The (lay of estrus in both cycling and pregnant animals was designated as day 0. Ovaries were obtained either by ovariectomy or slaughter at days 0, 1, 2, 3, 5, 7, 8, 10, 13, 15, 18, 19 and 20 of the estrous cycle; and days 19, 29, 60, 103, 171, 215 and 243 of pregnancy. The tissues were paraffin embedded, sectioned and stained in the manner described by Marion et al. (1967) .
In order to establish follicular counts, the stained sections were projected at a magnification of 10, and the contours of the section and follicles with visible antra were drawn on a transparent paper. The contour of a follicle L l)vpartmcnl-~ .f Dairy and |'onhry Ycience, and Zl~l~logy.
marked the boundary line between the theca and stroma. After superimposing the successive drawings, each follicle was numbered from section to section, thus eliminating the chances of duplicate counts. The follicle was marked in the drawing where its contour was largest. A 35 ram. high contrast film grid of 1.0 ram. squares was superimposed on the particular section in which a follicle appeared to be at its greatest size and projected on a microscopic screen at 40X magnification. The maximum diameter (da), and the diameter at right angles to it (d2) were measured for each follicle with an antrum. The thickness of a follicle (d.~) was calculated by multiplying the thickness of the section with the number of sections in which it appeared The mean diameter of a follicle appearing in more than one section was calculated according to the formula d,+d._,+d:~ and that of a follicle ap-3 ' pearing in only one section was calculated acdl+d2 cording to the formula -~2 -" The total count of follicles present in a pair of ovaries was divided on the basis of their mean diameters into four classes: (1) Complete counts made initially on four pairs of ovaries at 0.25 and 1.0 ram. intervals, revealed that 50.4'~; of class 1 and 23.8"~ of class 2 follicles Counted in sections at 0.25 ram. intervals were missed in sections counted at 1.0 ram. intervals. To include the total counts of these two classes of follicles in comparisons based on counts made at 1.0 ram. intervals, correction factors of 2.01 _+_0.19 and 1.31~-0.06 were devised for class 1 and 2 follicles, respectively.
Each measured follicle was classified as either normal or atretic, according to its morphological features. The stage of follicular atresia was further classified as either early, definite or late, with three types of definite atresia recognizable: collapsing, contracting and cystic (Marion ct al., 1967 Variation in the total number of follicles among animals within a phase of the cycle was extremely large. Normal follicles above 5 mm. in size were not present during the entire luteal phase; however, they were consistently present during the follicular phase. Atretic follicles above 5 ram. in size were present throughout the estrous cycle (tables 1, 2 and 4). The total number of normal follicles observed during this study was slightly less and the number of atretic follicles was more than those reported by Rajakoski (1960) , who in- 4 2 the growth of follicles from one size class to another is continuous and independent of specific days of cycle. Follicles attaining a size above 5 ram. during the follicular phase are competent and subject to the action of gonadotrophins which are in optimum endocrine balance during this period (Hisaw, 1947 ; Young, 1961) . In contrast, it may be that during the luteal phase large follicles become atretic in the absence of such an endocrinological balance, resulting from the presence of an active corpus luteum. The presence of atretic follicles up to 12 ram. indicates that some follicles continue to enlarge after the onset of atretic processes. The presence of normal follicles up to 5 ram., and comparable numbers of atretic follicles in both phases of the cycle indicate that follicles of this size may not require high levels of gonadotrophins for sustenance and growth. The fact that they become atretic during all phases of the cycle indicates that their life span is limited unless adequately stimulated. The rapid development of ovulatory size follicles during or shortly after estrus would indicate that only a few hours are required to bring a normal follicle under 10 mm. to ovulation size.
The results of this study fail to substantiate the hypothesis that the growth of the follicle destined to ovulate occurs in two spe- cluded only sexually mature heifers in his study. Erickson (1966) studied ovaries obtained from beef cattle and reported a lifetime high of normal vesicular follicles of 35 occurring at 6 mo. of age and a high of 63 total vesicular follicles at this age. These totals are strikingly different from the numbers observed in this study during any stage of the reproductive cycle. Furthermore, Erickson (1966) reported a considerably lower proportion of atretic follicles than was evident m this study. It is probable that some of the follicles classified as early atretic (Marion etal., 1967) , which accounted for 20% to 40% of the total follicles (table 3) , were considered by Erickson (1966) to be normal follicles; also, the difference in total follicles may reflect a difference between beef and dairy breeds.
From the results of this study, it is apparent that there were no cyclic changes in the numbers of vesicular follicles up to 5 ram. in size during the estrous cycle. The results (table 3) indicate that the proportions of normal (table 3) . The number of normal follicles present in the ovaries during early pregnancy was comparable to that observed during the luteal phase of the estrous cycle. The absence of normal follicles of sizes above 2 mm. during late pregnancy indicates that gonadotrophic substances needed for follicular growth may be low. This has also been suggested by Labhsetwar et al. (1964) . Folding of the follicular wall, edema or hypertrophy of the theca, and hypertrophy of the granulosa were observed in atretic follicles at this stage, suggesting a balance of circulating gonadotrophins in favor of luteinizing hormone (Young, 1961) .
The fact that all large follicles present during early pregnancy were atretic contrasts with the observations of Cole (1930) , Hammond (1927) and McNutt (1927) , who reported that large normal follicles and cyclic activity were present in the ovaries during early pregnancy.
The presence of a high proportion of atretic follicles and late atresia during the cycle indicates a high rate of turnover in the follicles. In contrast, the follicles during pregnancy are probably subject to a slow turnover rate due to the absence of cyclic fluctuations in levels of plasma gonadotrophins.
Summary
Nineteen pairs of bovine ovaries obtained at representative stages during the estrous cycle and pregnancy were evaluated histologically in an effort to identify quantitative cyclic changes in the vesicular follicles. All follicles with visible antra were counted, measured and classified according to their morphological features. The follicular counts for different reproductive periods and days within periods were compared.
The mean relative proportions of normal and atretic follicles during the estrous cycle and pregnancy were 23.7 and 76.3%, and 32.6 and 67.4%, respectively. The mean total counts for normal and atretic follicles per pair of ovaries during the estrous cycle and pregnancy were 93.9 and 287.6, and 96.2 and 196.3, respectively. Normal follicles larger than 5 mm. were not present in ovaries obtained during the luteal phase of the cycle; however, atretic follicles larger than 5 mm. were present in the ovaries during the entire cycle. The growth of the follicle from one size class to another appears to be continuous and independent of the stage of the cycle.
The number of normal follicles during early pregnancy was similar to that found in ovaries representing the luteal phase of the cycle. A progressive decrease in the number of normal follicles was evident during the late stages of pregnancy. Normal follicles larger than 2 ram. were absent by 243 days of pregnancy.
The presence of a significantly (P<.05) higher mean proportion of atretic follicles and a higher proportion of late atresia during the cycle indicates a higher rate of follicular turnover during this period than during pregnancy.
